ABSTRACT.--Avian species differ markedly in the extent to which males contribute to prehatching and posthatching parental care. In a recent comparative study, Moller and Birkhead (1993) concluded that diversity in male parental care was associated with differences among species in extrapair paternity. Specifically, their results showed a significant inverse relationship between extrapair paternity and male contributions to feeding of nestlings. We used a revised and updated data set in an attempt to replicate their study. In contrast to their results, we found no evidence that the evolution of male posthatching care was strongly correlated with paternity. Instead, our results showed that male participation in incubation tends to be negatively associated with extrapair fertilization rates, thereby providing tentative support for Ketterson and Nolan's (1994) and a generally pervasive tendency remains to assume that, because low relatedness reduces the absolute value of a male's payoff for behaving parentally, species in which males invest heavily in parental care will have higher levels of paternity than species in which paternal care is minimal. On the other hand, several authors have argued that variation across species in the proportion of offspring sired by males probably has little or no direct role in generating species differences in male care. According to this view, the diversity in patterns of male care most likely arises from interspecific differences in (1) the availability of alternative mates (which may, indeed, vary inversely with paternity), and/or (2) the ability of paternal investment to enhance offspring fitness (Maynard Empirical results on the issue clearly could be useful in resolving the controversy, and Moller and Birkhead (1993) recently offered such; their comparative analyses of the relationship between male parental care and paternity in birds is the only such study available for any taxon. Using paternity data from 52 species, they found a significant negative relationship between the share of nestling feeding done by males and the frequency of extrapair paternity: high extrapair paternity was associated with relatively low male contributions to nestling feeding. This inverse relationship between extrapair paternity and the extent of nestling feeding by males was statistically significant when subjected to two comparative methods: (1) analysis by independent con- hypothesized role of male incubation (i.e. male participation in incubation would not be expected to affect the prevalence of paternity losses due to rapid mate switching by females), we adjusted these percentages downward for four species where the authors' observations indicated that their sampled families included one or more pairs where the female recently had (or was likely to have) changed mates; we simply excluded from the total percentage of extrapair young those offspring that were suspected of having been sired by a female's prior mate, so as to focus on paternity losses due to extrapair copulations.
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[Auk, Vol. 116 the association between male incubation and paternity. Moller and Birkhead (1993) found no significant relationship between extrapair paternity and male share of incubation, and they viewed species differences in paternity as potential predictors of male incubation as well as other forms of paternal investment. Ketterson and Nolan (1994) have taken a different perspective, proposing that among various forms of avian parental care, participation in incubation should be especially costly to male opportunities for polygynous matings as well as extrapair copulations. Specifically, they suggested that male incubation may impose a more acute limitation on alternative mating than other forms of parental care, such as feeding of nestlings, for two reasons. First, incubation involves particular physiological changes (e.g. a decline in testosterone at the onset of incubation accompanied by an increase in prolactin) that may be antithetical to sexual behavior (hereafter, the physiological-incompatibility hypothesis). Second, incubation may be less readily deferred and more time consuming than other forms of parental care, thereby imposing significant restrictions on when and how often males are free to seek alternative matings, including extrapair copulations (the restricted-schedule hypothesis). Ketterson and Nolan's approach emphasizes the possibility that various forms of male parental care carry different opportunity costs, and they predict that species in which males participate in incubation will have lower rates of extrapair fertilization (EPF) than species in which males do not contribute in this way.
METHODS
The data set we used differs in several respects from Moller and Birkhead's (1993) ; fewer than half of the 72 species that we used were represented in their sample. We relied predominantly on paternity estimates derived from DNA fingerprinting, many of which were not available at the time of Moller and Birkhead's analyses. We excluded estimates derived from morphometric heritability studies because of the debatable nature of their validity (Hasselquist et al. 1995). We also excluded some estimates of extrapair paternity based on electrophoretic results, namely any that did not apply maximum-likelihood techniques to adjust for exclusion failures arising from genetic similarity of putative sires, and those where authors made such adjustments by assuming that all nondescendant young could be attributable exclusively to intraspecific brood parasitism or extrapair fertilization (rather than a combination of the two), but noted limitations of that assumption. We also omitted one study that used electrophoresis and maximum-likelihood techniques to estimate the percentage of broods that were multiply sired, rather than the percentage of offspring sired from extrapair matings, because the two variables do not measure the same thing. We omitted data from species in which males and females do not form pair bonds (e.g. lekking and some harem-polygynous species) because of the difficulties in knowing what constitutes "extrapair" paternity. Also, we omitted data for cooperative breeders and cases of simultaneous polyandry because, as pointed out by Dale (1995), male parental care in such systems is expected to depend on the levels of care provided by others.
For all but four species, paternity-exclusion estimates (EPF values) consisted of the percentage of the total number of sampled young that were excluded as offspring of the resident adult male in each family, but not of the female. These may include paternity losses due to extrapair copulations by a male's mate as well as fertilization by a female's previous mate.
Because of the nature of Ketterson and Nolan's (1994) hypothesized role of male incubation (i.e. male participation in incubation would not be expected to affect the prevalence of paternity losses due to rapid mate switching by females), we adjusted these percentages downward for four species where the authors' observations indicated that their sampled families included one or more pairs where the female recently had (or was likely to have) changed mates; we simply excluded from the total percentage of extrapair young those offspring that were suspected of having been sired by a female's prior mate, so as to focus on paternity losses due to extrapair copulations.
Sizable variation exists within some species in paternity estimates, and we conducted separate analyses using maximum (hereafter, "highest") and minimum ("lowest") estimates of EPF rates to accommodate situations where (1) results from more than one population were available, (2) results from repeated sampling in the same population showed substantial (i.e. -> 10% or statistically significant) seasonal or annual differences, and (3) The common features between our analyses and those of Maller and Birkhead (1993) are that both relied primarily on Sibley and Ahlquist (1990) for phylogenetic information, and both used Purvis' (1991) CAIC program for calculating the independent contrasts. The CAIC source code was modified to run on Intel DOS platforms (copies of the modified programs are available from TCL). Mailer and Birkhead's (1993) results were based on the evolutionary assumption that taxon age was proportional to the number of species it contains (i.e. branch lengths based on tree topology), although they indicate that qualitatively similar results were found using a punctuational model. Given that the simulation resuits of Purvis et al. (1994) showed that topology branch lengths are especially prone to Type I error (i.e. are likely to produce significant results when the null is true), we ran the program using both a punctuational model of evolutionary change (equal branch lengths) and a gradualistic model, with branch lengths based on Sibley and Ahlquist's (1990) delta T5oH 
RESULTS
EPF and male care of posthatching young.--Regression analyses of independent contrasts showed consistently negative relationships between EPF rates and male posthatching care, and these were significant for two of the four data sets, i.e. lowest EPF and highest male posthatching care, and mean EPF and highest male posthatching care (Table 1, Fig. 2A ). However, when variable branch lengths were used in calculating contrasts for these two data sets, the regressions were heavily influenced by one particular contrast (Acrocephalus arundinaceus with 3% EPF and a high estimate of 50% share of posthatching care by males vs. A. paludicola with 36% EPF and 0% posthatching care by males; Fig. 2A Consequently, we used an approach that entails fewer assumptions. We used the "Brunch" option in the CAIC program, which involves minimal assumptions regarding the evolution of categorical variables, uses each species only once in calculating contrasts or estimated nodal values, and provides contrasts only between taxa/nodes that differ at the categorical vari- (Table 2) . EPF as predicted by male incubation share.--The results from regression of standardized contrasts (Table 3) showed uniformly negative associations between EPF rate and male incubation share, and these were strongest when branch lengths were adjusted for estimates of taxon age. Nevertheless, as above, the significant regressions were driven by one data point whose studentized residuals qualified it as an outlier ( Fig. 2B ; contrast between Vireo olivaceus, with no male incubation and a very high EPF rate, and V solitarius, with a 3% EPF rate and incubation shared roughly equally between the parents). The high EPF and low male incubation data set suffered the least from removal of the vireos (P = 0.342 vs. P = 0.493 to 0.524 for the other regressions shown as significant in Table 3 ). However, similar to the situation above, these analyses additionally violated some of the assumptions underlying calculation and analyses of the standardized contrasts.
We again turned to a more conservative approach after failing to discover a combination of data and branch-length transformations that would rectify the flaws. In this case, we simply dichotomized male incubation into present vs. absent (1 = male incubation; 0 = no male incubation) and applied the Brunch program from CAIC using presence/absence of incubation as a predictor of EPF rates. The resulting output provided standardized contrasts of EPF rates for pairs of related taxa that differ in presence/absence of male incubation. Negative contrasts were prevalent (Table 4) The discrepancy between our results and those of Moller and Birkhead (1993) may be attributable to any one or several of the numerous differences between the species sampled and the procedures followed. First, different data sets were analyzed. We applied more restrictive criteria for inclusion of species; of the 52 species in Moller and Birkhead's data set, we (1990) delta Ts0H values. These differences also may explain why we repeatedly discovered problems when we checked to see whether the contrasts were properly standardized and met the assumptions involved in linear regression, whereas M•ller and Birkhead (1993) Relative to the results for male posthatching care and EPF rates, we found the relationship between male incubation and paternity to be more complex and, in some respects, more interesting. Our conclusions again conflicted with those of M•ller and Birkhead (1993) , who found no evidence of an association between male incubation share and extrapair paternity. As with the analyses of male posthatching care and EPF rates, our initial regression results on incubation share as a predictor of EPF looked quite promising, but they, too, suffered from some problems. In this case, however, more conservative analyses corroborated the existence of the trend for male participation in incubation to be accompanied by lower EPF rates. The inverse relationship apparently hinges on the inclusion of data from species in which males do not incubate, as well as species with male incubation; the results were clearly nonsignificant when the analyses were restricted to species with at least some male incubation.
The results thus provide tentative support for Ketterson and Nolan's (1994) suggestion that participation in incubation may indeed restrict male extrapair copulatory activity. Their prediction was based on two considerations: (1) the physiological-incompatibility hypothesis and (2) the restricted-schedule hypothesis. Of these two, physiological incompatibility might be expected to produce the reduction in EPF rate that seems to occur when males incubate, regardless of their relative share in that activi- 
